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(54) POSITIVE ELECTRODE PASTE COMPOSITION FOR LITHIUM SECONDARY BATTERY, POSITIVE 
ELECTRODE, AND ITS MANUFACTURE 

<57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode paste composition for lithium secondary 
battery excellent in the performance as required of lithium secondary battery and also suitable for 
mass-production, provide a positive electrode using the paste composition, and offer a method for 
manufacturing such positive electrodes. 

SOLUTION: A positive electrode active material consisting of lithium-nickel series compound oxide having a 
stratified crystalline structure, a conductive substance to give conductivity to this active material, and a 
binder to couple them together are dispersed in a solvent, and thereto 0.1-3 pts.wt. organic acid of divalent 
or more is added relative to 100 pts.wt. positive electrode active material. This paste composition is applied 
to an electricity collector followed by drying so that an intended positive electrode for lithium secondary 
battery is produced. 
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* NOTICES'* - 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The positive-electrode paste constituent for lithium secondary batteries which makes a lithium 
nickel system multiple oxide with lamellar-crystal structure a positive active material, distributes to a 
solvent this positive active material, the conductive matter which gives conductivity to this active material, 
and the binder which combines both matter, and is characterized by carrying out 0.1-3 weight section 
combination of the organic acid more than divalent to the positive-active-material 100 weight section at 
this. 

[Claim 2] The positive electrode for lithium secondary batteries which carries out application dryness of the 
paste constituent given in the aforementioned claim 1 at a charge collector, and is characterized by the bird 
clapper. 

[Claim 3] The manufacture method of the positive electrode for lithium secondary batteries which 
distributes a lithium alloy system positive active material, the conductive matter, and a binder to a solvent, 
carries out 0.1-3 weight section combination of the organic acid more than divalent to the 
positive-active-material 100 weight section at this, and is characterized by creating a positive-electrode 
paste, carrying out application dryness and manufacturing this to a charge collector. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the positive electrode for lithium 
secondary batteries using a positive-electrode paste constituent and it suitable as a positive-electrode 
material of the lithium secondary battery using a lithium nickel multiple oxide with the stratified rock salt 
typ crystal structure as a positive active material, and its manufacture method in more detail about a 
lithium secondary battery; 
[0002] 

[Description of the Prior Art] Adopting as the power supplies which I hear that the high voltage and 
high-energy density are obtained, and this kind of lithium secondary battery can attain small and 
lightweight-ization, and it is already put in practical use in the related field of information communication 
equipment, such as a personal computer and a cellular phone, and are carried in an electric vehicle or a 
hybrid electric vehicle from a resources problem or an environmental problem has also been advanced 
considerably practical. 

[0003] In such a situation, examination is added, for example, various positive-electrode paste constituents 
for lithium secondary batteries are also about the positive active material in the constituent. A lithium cobalt 
multiple oxide (LiCo02) is used at the beginning, the lithium manganese system multiple oxide (LiMn 204) of 
the spinel type crystal structure is also adopted from cost or a resources problem, and the lithium nickel 
system multiple oxide (LiNi02) which I hear that is further excellent in the charge-and-discharge cycle 
property in high temperature, and has the stratified rock salt type crystal structure also attracts attention. 
[0004] Generally this positive-electrode paste constituent is a positive active material which was mentioned 
above, and the conductive matter for giving conductivity to this positive active material (metaphor), an 
electrode material is distributed in the binder solution which melted the organic binder resin to the solvent in 
the mixed-powder end of acetylene black etc. — making — a positive electrode — a mixture — a slurry — 
carrying out — this positive electrode — a mixture — application dryness of the slurry is carried out on the 
charge collector which consists of a metal-electrode foil (for example, aluminum foil) or a metal network, and 
the application material is further stuck by pressure on a charge collector with a press, and it is considering 
as the positive-electrode sheet 

[0005] moreover, also about a negative-electrode sheet, a negative-electrode active material is distributed 
in the binder solution which melted the organic binder resin to the solvent similarly — making — a negative 
electrode — a mixture — it considers as a slurry and is manufacturing by carrying out application dryness 
and pressing this on a charge collector And a lithium secondary battery is constituted by being immersed in 
the organic electrolytic solution of a non-drainage system in the state where the separator sheet of the 
porosity which is insulation and has ionic migration nature was made to infix between a positive-electrode 
sheet and a negative-electrode sheet. 

[0006] As the binder solution used for a positive-electrode paste constituent in such a technical background 
For example, as shown in JP,6-93025,A or JP,6-1 72452.A, that by which various kinds of fluoride vinylidene 
system polymers (PVDF) dissolved this in polar solvents, such as a N-methyl-2-pyrrolidone (NMP) and a 
dimethylformamide, paying attention to having excelled in chemical resistance, weatherability, resistance to 
contamination, etc., and being stable to the electrolytic solution of a non-drainage system is known. 
[0007] Moreover, as shown in JP,10-255808,A, in case a fluoride vinylidene system polymer is melted to an 
organic solvent and a binder solution is manufactured for example, carry out ** fluoric acid processing of the 
fluoride vinylidene system polymer by addition of heating or the alkali matter, fluoric acid is made to contain, 
and there are some which improved the adhesive property of an electrode paste constituent and a charge 
collector by adding acids other than fluoric acid (organic acid) further. 
[0008] 

[Problem(s) to be Solved by the Invention] However, for example, it is becoming indispensable that the 
electrode sheet used for the lithium secondary battery for electric vehicles has thickness as thin as 100 
micrometers of dozens of micrometers to numbers, and the thing of a large area is used for it. in such a 
case — while conveying a charge collector sheet on a mass-production line as a method of being this thin 
film and manufacturing the electrode sheet of a large area cheaply industrially — the sheet side — an 
electrode — a mixture — application dryness of the slurry (thing which made the above-mentioned binder 
solution distribute a powder electrode material etc.) will be carried out, and the method of making the 
application material stick to a charge collector sheet side by pressure by the roll press further will be taken 
[0009] And since the fluoride vinylidene system polymer used for the binder solution of the 
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above-mentioned positive-electrode paste constituent had binding capacity with a powder electrode 
material, and comparatively weak adhesive strength with a charge collector when such a manufacture 
method is adopted, phenomena, such as ablation from the charge collector of the electrode binder layer 
which contains defluxion of powder electrode materials, such as an active material, and these powder 
electrode material while in use, were seen. When the stratified lithium nickel multiple oxide which is excellent 
in the cell performance in high temperature as a positive active material especially is used, since binding 
capacity with a fluoride vinylidene system polymer is very weak, An active material drops out at the time of 
the press after coating, and adhere to a roll or it exfoliates from a charge collector for the stress generated 
with a press. There is a problem whose press of a large area becomes impossible, and a large-sized cell like 
the cell for automobiles was not able to be manufactured so much in the lithium secondary battery using the 
stratified lithium nickel multiple oxide as a positive active material. 

[0010] In order to solve an above-mentioned problem, it is possible to increase the quantity of the fluoride 
vinylidene system polymer which is a binder. However, although surely increase in quantity of a fluoride 
vinylidene system polymer brings about improvement in binding capacity or adhesive strength, it has the 
trouble that the active material concentration in an electrode binder layer falls, and the electric capacity per 
unit area falls. Moreover, even if it made the quantity of a binder increase in the case of a stratified lithium 
nickel multiple oxide, improvement in sufficient binding capacity or adhesive strength was not obtained. 
[001 1] And as a cause which is inferior to binding capacity or adhesive strength in the positive-electrode 
paste constituent using the stratified lithium nickel multiple oxide, since the bonding strength during 
combination between 3 persons of a positive-active-material particle, a binder, and a charge collector, i.e., 
an active material particle-active material particle, between active material particle-binders, between active 
material particle-charge collectors, and between binder-charge collectors is weak, it is thought that an 
active material particle drops out, and it adheres to a roll or exfoliates from a charge collector at the time of 
a roll press. 

[0012] Moreover, since the addition of an organic acid is a minute amount according to the binder solution 
shown in JP,10-255808,A In order for an active material particle to drop out at the time of a roll press, and 
not to solve too the problem of adhering to a roll or exfoliating from a charge collector sheet but to 
manufacture this binder solution further Since the process that addition of heating or the alkali matter 
performs ** fluoric acid processing is needed in a fluoride vinylidene system polymer, there is also a problem 
that the production cost of an electrode sheet becomes high. 

[0013] This invention persons thought that the above-mentioned problem generated at the time of a roll 
press would be solvable, when strengthening further bonding strength between 3 persons of a stratified 
lithium nickel multiple-oxide particle, a binder, and a charge collector. And as a result of carrying out efforts 
examination wholeheartedly, while blending the organic acid more than divalent during positive-electrode 
paste composition, by adjusting the loadings of the organic acid, it finds out that the bonding strength 
between 3 persons of a stratified lithium nickel multiple-oxide particle, a binder, and a charge collector 
becomes strong, and the problem of adhesion on the roll of an active material particle is solved, and comes 
to hit on an idea of this invention. 

[0014] When the lithium nickel multiple oxide which is excellent in a cell performance as a positive active 
material, and can demonstrate a high charge-and-discharge cycle property especially under the operating 
environment in the high temperature as a power supply for automobiles etc. is used, the technical problem 
which is going to solve this invention has the good fixing nature to the bonding strength between active 
materials, or the charge collector of an active material, and it is to offer the positive-electrode paste 
constituent suitable for carrying out abundant manufacture of the large-sized cell. Moreover, it is in offering 
the lithium secondary battery using the paste constituent, and its manufacture method. 
[0015] 

[Means for Solving the Problem] The positive-electrode paste constituent for lithium secondary batteries 
applied to this invention in order to solve this technical problem The lithium nickel system multiple oxide 
according to claim 1 which has lamellar-crystal structure like is made into a positive active material. This 
positive active material, The conductive matter which gives conductivity to this active material, and the 
binder which combines both matter are distributed to a solvent, and let it be a summary to be characterized 
by carrying out 0.1-3 weight section combination of the organic acid more than divalent to the 
positive-active-material 100 weight section at this. 

[0016] In this case, a stratified lithium nickel system multiple oxide makes stratified rock salt structure, and 
the crystal structure has the same crystal structure as a lithium cobalt system multiple oxide. And the 
lithium manganese system multiple oxide of the spinel type crystal structure is excelled in the 
charge-and-discharge cycle property in high temperature. This stratified lithium nickel system multiple oxide 
carries out the designation of the multiple oxide with the transition metals which make a lithium and nickel a 
principal component, and is empirical-formula UNM-XMX02 (M consists of one sort, such as Ti, Mn, Co, 
aluminum, Mg, and Ga, or two sorts or more.). The multiple oxide expressed with 0<=x<1 can be used. Even if 
it is the case where any are used as an active material, it is good to use a particle powder-like thing and it is 
desirable to use the thing of the range of 1-30 micrometers by the particle diameter. 
[0017] If proper quantity mixture is carried out and the conductive matter can give conductivity to a 
positive-electrode layer at a positive active material, there will be especially no limit. For example, one sort 
or two sorts or more of things can be mixed and used among carbon matter powdery parts, such as carbon 
black, acetylene black, and a graphite. Moreover, a stable metal powder can also be used by the electrode 
potential to be used. 
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[0018] Generally as for a binder, the binder of an organic system is used. This organic binder plays the role 
which ties the particle of a positive active material and the conductive matter, and it is required from 
nonaqueous electrolyte etc. that it should be stable and weatherability, chemical resistance, thermal 
resistance, fire retardancy, etc. should be good. For example, thermoplastic polymer, such as 
fluorine-containing polymer, such as a tetrafluoroethylene polymer, a fluoride vinylidene polymer, and a 
fluororubber, polypropylene, and polyethylene, etc. can be used. Moreover, it is also possible to use 
synthetic-rubber system latexes, such as a styrene-butadiene-rubber latex and a carboxy denaturation 
styrene-butadiene-rubber latex. 

[001 9] A solvent also plays the role which adjusts the viscosity of the positive-electrode pgste constituent 
which mixes these and is obtained while playing the role which distributes uniformly a positive active 
material, the conductive matter, and an organic binder. If it can dry easily [ can dissolve the 
above-mentioned organic binder and 3, it can choose suitably. Specifically, an n-methyI-2-pyrrolidone, a 
dimethyl formamide, etc. are mentioned. * 

[0020] And the organic, acid more than divalent [ which is blended with this ] plays the role which 
strengthens the bonding strength between 3 persons of a positive-active-material particle, a binder, and a 
charge collector, and if meltable to a solvent, there will be especially no limit. For example, in a molecule, it 
considers as a dicarboxylic acid with two carboxyl groups, and aromatic dicarboxylic acids, such as aliphatic 
unsaturation dicarboxylic acids, s^uch as aliphatic saturation dicarboxylic acids, such as oxalic acid, a malpnic 
acid, a succinic acid, and a glutaric acid, and a maleic acid, and a phthalic acid, are mentioned. Moreover, 
tricarballylic acid, a benzene tricarboxylic acid, etc. are mentioned as a tricarboxylic acid which has three 
carboxyl groups in a molecule. And as for the blending ratio of coal of an organic acid, it is desirable to carry 
out to more than the 0.1 weight section to the positive-active-material 100 weight section in order to fully 
raise the binding capacity of a positive-active-material particle. Moreover, if an organic acid exceeds 3 
weight sections, while the improvement effect of binding capacity will fall, a problem arises for cell 
performances, such as causing the fall of cell capacity. 

[0021] The effect that the organic acid more than divalent strengthens the bonding strength, between a 
positive-active-material particle, a binder, and a charge collector as a large reason Since the organic acid 
more than divalent has two or more parts in which other matter and combination are possible in 1 molecule, 
When proper quantity combination of the organic acid more than divalent is carried out, to a 
positive-electrode paste constituent one bonding site The stratified lithium nickel multiple-oxide particle 
which is a positive active material in the constituent. The stratified lithium nickel multiple-oxide particle of 
others [ bonding site / which combined with the conductive matter particle and the binder and remained ], It 
combines with a conductive matter particle and a binder,, and the binding capacity between 
positive-electrode material is raised, further, the bonding site which remained when it applied to a charge 
collector combines with a current collection body surface, and it is thought that the adhesion force between 
positive-electrode material and a charge collector is raised. 

[0022] Moreover, the positive electrode for lithium secondary batteries of this invention makes it a summary 
to carry out application dryness of the paste constituent according to claim 1 at a charge collector. 
According to this positive electrode for lithium secondary batteries, when it includes in a cell, a high 
charge-and-discharge cycle property is acquired under the operating environment of high temperature. 
[0023] The manufacture method of the positive electrode for lithium secondary batteries which furthermore 
starts this invention distributes a lithium alloy system positive active material, the conductive matter, and a 
binder to a solvent, carries out 0.1-3 weight section combination of the organic acid more than divalent to 
the positive-active-material 100 weight section at this, creates a positive-electrode paste and makes it a 
summary to carry out application dryness and to manufacture this to a charge collector. The positive 
electrode for lithium secondary batteries which was excellent in the cell property by this will be 
manufactured. 
[0024] 

[Embodiments of the Invention] The gestalt of suitable operation of this invention is explained in detail 
below. 

<the composition of a positive-electrode paste constituent, and the production method> — the 
positive-electrode paste constituent of this invention consists of an organic binder which combines the 
stratified lithium nickel multiple-oxide particle which can occlusion emit a lithium, and which is an active 
material, the conductive matter which gives conductivity to this positive-active-material particle, and these 
positive-active-material particles and conductive matter, a solvent which makes these a uniform distributed 
state, and an organic acid more than divalent [ which is further blended with this solvent ] as mentioned 
above And face manufacturing this positive-electrode paste constituent, mix a positive active material and 
the conductive matter with an organic binder, a solvent is made to blend and distribute this, an organic acid 
is added further, and a paste-like positive-electrode plied timber slurry is produced. 

[0025] Under the present circumstances, when the whole positive-electrode paste constituent produced is 
made into 100%, in order to obtain sufficient cell capacity, as for the blending ratio of coal of a positive 
active material, it is desirable to carry out to more than 30wt%. Moreover, as for the blending ratio of coal of 
the conductive matter, it is desirable to carry out to more than 2wt%, in order to acquire sufficient 
conductivity, and in order to acquire sufficient binding property, it is desirable [ the blending ratio of coal / 
the blending ratio of coal of an organic binder ] to carry out to more than 2wt%. Moreover, as mentioned 
above, in order to acquire the effect of the improvement in bending of a positive-active-material particle, as 
for the blending ratio of coal of an organic acid, it is desirable to carry out to more than 0.5wt% to the 
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positive-active-material 100 weight section, since it is the need more than the 0.1 weight section. 
[0026] However, if the conductive matter exceeds 20wt(s)%, an organic binder exceeds 10wt(s)% or an 
organic acid exceeds 3 weight sections to the positive-active-material 100 weight section, a problem will 
arise for a cell performance, such as causing the fall of cell capacity. Moreover, if it is desirable to carry out 
to more than 30wt% and it exceeds 60wt% in order to make it distribute uniformly or to make it a problem 
produce the aforementioned constituent neither to the homogeneity in coating, nor surface smooth nature, 
viscosity will become low and problems, like dripping arises at the time of coating will generate the blending 
ratio of coal of a solvent. 

[0027] in order that a positive-electrode paste constituent may secure a good cell performance — each 
above-mentioned component matter — enough — and it is necessary to knead and distribute uniformly 
Therefore, as for a kneading distribution process, it is desirable to carry out using the agitator which has the 
rotating wing, a ball mill, a medium agitation mill, etc. 

[0028] The positive electrode of the <production method of positive electrode> lithium secondary battery 
carries out coating of the positive-electrode paste constituent adjusted and produced as mentioned above 
to the front face of a charge collector sheet, and is performed by making a positive-electrode layer form. 
Metallic foils, such as aluminum, are used for the charge collector sheet used as the base material by which 
coating is carried out. It is convenient to use the coater of the coating-machine method which can carry out 
application dryness of the electrode paste constituent as equipment used for coating succeeding a band-like 
charge collector sheet. 

[0029] Since the constituent applied to the application section of a coater is hyperviscosity comparatively, it 
is desirable to adopt application methods, such as a comma coat, a squeeze coat, a die coat, and a lip coat. 
Let application thickness of a positive-electrode paste constituent be arbitrary, things among 50-500 
micrometers. 

[0030] In the case of a coating-machine method, the dryer part of a coater is a continuous furnace, and can 
adopt various things, such as hot blast and infrared radiation, as dryness. As for drying temperature, it is 
desirable that it is 80 degrees C or more. In the case of less than 80 degrees C, it is because there is a 
possibility of drying becoming inadequate, and a solvent remaining in a positive-electrode layer, and reducing 
a cell performance. However, if drying temperature is raised not much too much, dryness advances, and 
since it is expected that uniform dryness cannot be performed, only a front face will require cautions. And in 
order to make thickness of an electrode layer into predetermined thickness, to raise electrode density and 
to raise surface smooth nature further, it presses after dryness. This is effective for raising the energy 
density of a cell. After carrying out application dryness of the electrode paste on a band-like charge 
collector sheet as equipment used for a press, generally the roll press which can be pressed continuously is 
used. 

[0031] <the structure of a lithium secondary battery> — the lithium secondary battery using the electrode 
produced as mentioned above is explained Generally a lithium secondary battery consists of separator 
fastened between a positive electrode, a negative electrode, and a positive electrode and a negative 
electrode, and nonaqueous electrolyte. Below, the component except the positive electrode mentioned 
above is explained in order. 

[0032] Although a metal lithium, a lithium compound, a lithium alloy, etc. can be used for a 
negative-electrode active material, since there is a problem of the deposit of the dendrite accompanying the 
repeat of charge and discharge, it is good to replace with these and to make into a negative-electrode 
active material the powdered carbon material which can occlusion emit a lithium. When making a carbon 
material into a negative-electrode active material, mix a binder to this carbon material, add a suitable 
solvent if needed and consider as a negative-electrode paste constituent, and carry out application dryness 
of this on the front face of negative-electrode charge collector sheets, such as copper foil, like a positive 
electrode, a negative-electrode layer is made to form, and it produces. 

[0033] The material which heat-treated a natural graphite, an artificial graphite, corks, carbon black, 
vapor-growth carbon, a carbon fiber, the material that carbonized the organic macromolecule system 
compound, or these, and was mixed as a carbon material which can be used as a negative-electrode active 
material can mention. In manufacture of a negative electrode, the same thing as a positive electrode or the 
same method can be used about kneading distribution of the binder to which a negative-electrode active 
material is made to bind, a solvent, and a negative-electrode paste constituent, and the application dryness 
method. 

[0034] The separator fastened between a positive electrode and a negative electrode separates a positive 
electrode and a negative electrode, and has the function to hold the electrolytic solution and to pass a 
lithium ion. Porosity films, such as polyethylene and polypropylene, a nonwoven fabric, or textile fabrics can 
be used for this separator. It is desirable that the thickness of separator sets to about 10-200 micrometers. 
[0035] If it is the quality of a non-matter of chance which has ionic migration nature in order that it may be 
stable and a lithium ion may carry out electrochemical reaction to this positive active material and a 
negative-electrode active material to the above-mentioned positive active material and a negative-electrode 
active material, all can be used for nonaqueous electrolyte. Usually, it is made to dissolve in an organic 
solvent and the lithium salt which is an electrolyte is used. Specifically, as for the salt which can be used for 
an electrolyte, LiPF6, LiAsF6, LiSbF6, UBF4, LiCI04, Lil, LiBr, LiCI, LiAICI, LiHF2, LiSCN, and US03CF2 
grade is mentioned. LiPF6, LiBF4, and LiCI04 are [ especially among these ] suitable. 

[0036] Although the solvent which dissolves this electrolyte can be chosen arbitrarily, the organic solvent of 
comparatively a high dielectric constant is used as a suitable thing. For example, one sort or two sorts or 
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more of solvents, such as nitril, such as sulfur compounds, such as lactone, such as glymes, such as 
un-annular carbonate, such as annular carbonate, such as ethylene carbonate and propylene carbonate, 
dimethyl carbonate, and ethyl methyl carbonate, a tetrahydrofuran, and 2-methyl tetrahydrofuran, and 
gamma-butyl lactone, and a sulfolane, and an acetonitrile, are mentioned. One sort or two sorts or more of 
mixed solvents chosen especially among these from un-annular carbonate,. such as annular carbonate, such 
as ethylene carbonate and propylene carbonate, dimethyl carbonate, and ethyl methyl carbonate, are used as 
a suitable thing. 

[0037] Moreover, it can replace with the above-mentioned nonaqueous electrolyte, and the inorganic solid 
electrolyte of the lithium glass of the organic solid electrolyte into which polymers, such as an isocyanate 
bridge formation object of a polyethylene oxide, polypropylene oxide, and a polyethylene oxide, a phenylene 
oxide, and phenylene sulfide system polymer, were infiltrated, Li3N, LJBCI4, Li4Si04, and LJ3B03 grade can 
also be used for the above-mentioned nonaqueous electrolyte as a solid electrolyte. 

[0038] As a configuration of the lithium secondary battery constituted as mentioned above, it can consider 
as various things, such as cylindrical, a core box, a paper type, and a card type. Even if it is the case where 
which configuration is taken, it considers as the electrode object which made separator fasten to a positive 
electrode and a negative electrode, and connects using the lead for current collection to the 
positive-electrode terminal which leads to a positive-electrode charge collector and the negative-electrode 
charge collector shell exterior, and a negative-electrode terminal etc., this electrode object is sealed in a cell 
case with nonaqueous electrolyte, and a lithium secondary battery is completed. 

[0039] Based on the above-mentioned operation form, the positive-electrode paste constituent was actually 
produced as an example. Moreover, apart from this, the positive-electrode paste constituent which was 
specified by this invention and which exists out of range was produced as an example of comparison. The 
positive electrode was produced by coating dryness and the roll press to the charge collector sheet side 
using the positive-electrode paste constituent of this example and the example of comparison. The cylinder 
cell type lithium secondary battery was further actually produced. And cell capacity (initial service capacity) 
was further compared with the charge-and-discharge cycle property in high temperature (60 degrees, C), 
and it confirmed being [ of the adhesion state of the positive active material to the roll at the time of a 
press, and the positive-electrode layer after a press ] the adhesion, and that the positive-electrode paste 
constituent of this invention was effective. 
[0040] 

[Example] Below, production of the positive-electrode paste constituent of an example and the example of 
comparison and a positive electrode, manufacture of a cell, and the comparison result of an experimental 
data are explained in order. Component comparison of each sample offering positive-electrode paste 
constituent is shown in Table 1 . 

[0041] <Examp!e 1> The positive-electrode paste constituent of this example 1 based on the operation form 
of the above-mentioned this invention used the crystal grain child of a lithium nickel multiple oxide for the 
positive active material, and acetylene black was used for it as conductive matter. Moreover, while using for 
the organic binder the oxalic acid which has a divalent valence in an organic acid using the fluoride vinylidene 
polymer (it abbreviates to PVDF hereafter), the n-methyl-2-pyrrolidone (it abbreviates to "NMP" hereafter) 
was used as a solvent, respectively. Each blending ratio of coal in a positive-electrode paste constituent 
was adjusted so that oxalic acid might serve as the 0.1 weight section to the lithium nickel multiple-oxide 
100 weight section, and acetylene black made NMP46.0wt% the adjustment ratio of each matter to the whole , 
oxalic acid 0.5wt% PVDF2.7wt% 5.4wt(s)% lithium nickel multiple-oxide 45.9wt%. 

[0042] Kneading distribution of a positive-electrode paste constituent used the disperser (Ur Travis Comil : 
product made from eye MEKKUSU). Capacity is 2.0I., this disperser has five stirring disks, and 1.41. of 
zirconia beads with a diameter of 2mm is thrown in. The stirring disk was rotated by rotational-speed 
1000rpm, and consecutive processing of the positive-electrode paste constituent was carried out by part for 
150ml/, and it scattered a kneaded part and considered as the positive-electrode paste. [0043] <Example 2> 
Positive-electrode paste constituent of this example 2 based on the operation form of the above-mentioned 
this invention, Except having made the loadings of oxalic acid into 3 weight sections to the lithium nickel 
multiple-oxide 100 weight section, each component material and production conditions were the same as the 
example 1 , and, as for the blending ratio of coal of each component, acetylene black could be NMP46.0wt% 
oxalic acid 1 .3wt% PVDF2.6wt% 5.3wt(s)% lithium nickel multiple-oxide 44.8wt%. 

[0044] An organic acid (oxalic acid) is not blended with the <example 1 of comparison> positive-electrode 
paste constituent, it is an example 1 and each component material except it, and production conditions are 
the same. Acetylene black made NMP46.0wt% the blending ratio of coal of each component PVDF2.7wt% 
5.4wt(s)% lithium nickel multiple-oxide 45.9wt%. 

[0045] Examples 1 and 2, and each component material and production conditions are the same except 
having made [ more ] the blending ratio of coal of the organic acid in the <example 2 of comparison> 
positive-electrode paste constituent than a convention. In this example 2 of comparison, the loadings of 
oxalic acid are made into 4 weight sections to the lithium nickel multiple-oxide 100 weight section. Acetylene 
black made NMP46.0wt% the blending ratio of coal of each component material oxalic acid 1.8wt% 
PVDF2.6wt% 5.2wt(s)% lithium nickel multiple-oxide 44.4wt%. 

[0046] ** and it which blend an organic acid with the <example 3 of comparison> positive-electrode paste 
constituent are an acetic acid which has a univalent valence, and made the loadings 3 weight sections to the 
lithium nickel multiple-oxide 100 weight section as well as the case of an example 2. The acetylene black of 
the blending ratio of coal of each component is NMP46.0wt% acetic-acid 1.3wt% PVDF2.6wt% 5.3wt(s)% 
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lithium nickel multiple-oxide 44.8wt%. 
[0047] 
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[0048] In this way, the comma coating machine was used on aluminum foil (width of face of 200mm, a length 
of 250m) with a thickness of 20 micrometers, the produced positive-electrode paste was dried for 5 minutes 
at 80 degrees C after the single spread, application dryness was carried out about the rear face as well as 
the dryness back, and the positive-electrode sheet with a length of 200m with which the order edge was cut 
and positive-electrode material was applied to both sides was obtained. Next, after performing the roll press 
by linear pressure 1000 kgf/cm and setting thickness to 100 micrometers, it cut off in the predetermined 
configuration and the positive electrode was produced. 

[0049] Using a meso carbon micro bead as a negative-electrode active material, this was mixed with the 
fluoride vinylidene polymer (PVDF) which is an organic binder in the negative-electrode paste constituent, 
and the thing which the n-methyl-2-pyrrolidone (NMP) which is a solvent was made to distribute was used 
for it. Each blending ratio of coal in a negative-electrode paste constituent could be NMP50.0wt% 
PVDF5.0wt% meso carbon micro bead 45.0wt%. And the comma coating machine was used on copper foil with 
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a thickness of 20 micrometers, the negative-electrode paste which carried out kneading distribution like the 
positive-electrode paste constituent was dried for 5 minutes at 80 degrees C after the single spread, 
application dryness was carried out about the rear face as well as the dryness back, and the 
negative-electrode sheet with which negative-electrode material was applied to both sides was obtained.. 
Next, after performing the roll press by linear pressure 1000 kgf/cm and setting thickness to 100 
micrometers, it cut off in the predetermined configuration and the negative electrode was produced. 
[0050] Next, the separator made from polyethylene with a thickness of 20 micrometers was fastened 
between the positive electrodes and negative electrodes which were obtained, and it wound up on the swirl, 
and considered as the cylinder cell, and the cell can with which it fills up with a nonaqueous, electolyte was . 
equipped. What dissolved LiPF6 in the amount mixed liquor of isochores of ethylene carbonate and diethyl 
carbonate by concentration 1 mol/l as a supporting electrolyte was used for the electrolytic solution. 
[0051] Comparative evaluation of the adhesion of the positive-electrode material to the roll in the roll press 
after application dryness was carried out by the tape friction test about the positive-electrode paste 
constituent of the examples 1 and 2 which are <comparison result> this invention articles, and the examples 
1 , 2, and 3 of comparison which are comparison articles. The tape friction test stuck the cellophane tape on 
the positive-electrode front face, removes it quickly, carried out visual observation of the field which 
exfoliated, and evaluated adhesion. 

[0052] Furthermore, comparative evaluation of initial service capacity and the charge-and-discharge cycle 
property in high temperature (60 degrees C) was carried out about the cylinder cell produced using each 
positive-electrode paste constituent. Initial service capacity performed constant-current charge and 
discharge of 500mA of charging currents, and 500mA of discharge currents in the range of voltage 3.0-4.1 V. 
Moreover, the charge-and-discharge cycle property in high temperature (60 degrees C) repeated the charge 
and discharge in this condition, and evaluated it by the service-capacity maintenance factor after the 100 
cycles to initial service capacity. These results are shown in Table 2. 
[0053] 



[Table 2] 
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[0054] As shown in the above-mentioned table 2, with the positive-electrode paste constituent of the 
example 1 of comparison, the affix was in the roll in the roll press at the 50m press time, the binding 
property of positive-electrode material was low, positive-electrode material exfoliated from the current 
collection body surface, and the adhesion to a current collection body surface was also low. Since the 
organic acid more than divalent was not blended with the positive-electrode paste constituent of the 
example 1 of comparison, this is because the binding property of positive-electrode material and the 
adhesion fall occurred. 

[0055] Moreover, the service capacity in early stages of the cell produced in the positive-electrode paste 
constituent of the example 2 of comparison although a binding property and adhesion were equivalent to 
examples 1 and 2 was as low as 1080mAn(s). Since [ to which an organic acid exceeds 3 weight sections to 
the positive-active-material 100 weight section ] 4 weight sections combination was carried out, this is 
considered that the capacity of a cell itself fell by the positive-electrode' paste of the example 2 of 
comparison. 

[0056] Moreover, with the positive-electrode paste constituent of the example 3 of comparison, the affix 
was in the roll at the 80m press time, the binding property of positive-electrode material was low, 
positive-electrode material exfoliated from the current collection body surface, and the adhesion to a 
current collection body surface was also low. Since the univalent acetic acid was blended with the 
positive-electrode paste of the example 3 of comparison as an organic acid, this is considered that the 
binding property of positive-electrode material and the adhesion fall occurred. 

[0057] On the other hand, in the positive-electrode paste constituent of the examples 1 and 2 based on the 
operation gestalt of this invention, a binding property and adhesion improve by combination of a divalent 
organic acid, there is no adhesion of positive-electrode material on a roll at the 200m press time, and 
positive-electrode material did not exfoliate from a current collection body surface. Moreover, the fall of the 
initial service capacity of the produced cell was not accepted, either. From this result, it was proved that the 
positive-electrode paste constituent of this invention was a positive-electrode paste constituent excellent 
in a binding property or adhesion. 

[0058] Moreover, also about the charge-and-discharge cycle property in high temperature (60 degrees C), 
since the lithium nickel multiple oxide was used for the positive active material in a positive-electrode paste 
constituent, it was checked that any prototype demonstrates a high service-capacity maintenance factor. 
And it is considered as follows as a matter reaction mechanism that such a result was obtained. Since the 
organic acid more than divalent has two or more parts in which other matter and combination are possible in 
1 molecule When proper quantity combination of the organic acid more than divalent is carried out, to a 
positive-electrode paste constituent one bonding site The stratified lithium nickel multiple-oxide particle 
which is a positive active material in the constituent, The stratified lithium nickel multiple-oxide particle of 
others [ bonding site / which combined with the conductive matter particle and the binder and remained 1 It 
combines with a conductive matter particle and a binder, and the binding capacity between 
positive-electrode material is raised, further, the bonding site which remained when it applied to a charge 
collector combines with a current collection body surface, and it is thought that the adhesion force between 
positive-electrode material and a charge collector was raised. 

[0059] Alterations various in the range which is not limited to the above-mentioned example at all, and does 
not deviate from the meaning of this invention are possible for this invention. For example, although the 
above-mentioned example showed the example of oxalic acid as a divalent organic acid, it is clear from the 
use of the organic acid of this invention that various kinds of organic acids more than divalent [ of 
dicarboxylic acids such as the other maleic acid, a malonic acid, and a succinic acid, or a tricarboxylic acid 
and others ] are applied. Moreover, the conductive matter, a binder, etc. are not limited to the thing of an 
example. And, of course, the improvement of attaining stabilization of a cell property by replacing some 
nickel elements by other metallic elements also about a stratified lithium nickel system multiple oxide is 
possible. 
[0060] 

[Effect of the Invention] According to the positive-electrode paste constituent of this invention, the 
stratified lithium nickel system multiple oxide is used for the positive active material. The adhesive property 
over the charge collector of the paste at the time of electrode sheet manufacture was raised by carrying 
out proper quantity combination of the organic acid of the multiple valued more than divalent into the 
constituent it not only excels in the cell properties (charge-and-discharge cycle property etc.) in the high 
temperature (60 degrees C or more) as a lithium secondary battery, but, and it became possible to lose 
adhesion on the roll of the paint film at the time of the press after coating. Therefore, from the first, it is 
suitable also for mass-production nature that it is effective to apply this positive-electrode paste 
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constituent to the power supply of the electric vehicle put especially on the operating environment in high 
temperature etc. in respect of a cell performance, and it contributes also to the stability of a cell 
performance and cheap-izing of a manufacturing cost by there being little exfoliation from the charge 
collector of a positive active material, this invention is cultivating possibility of using a stratified nickel acid 
lithium for the use which needs to produce a lot of electrode layers- like the rechargeable battery for electric 
vehicles for a short time. 

[0061] Moreover, since the positive electrode for lithium secdndary batteries of this invention carries out 
application dryness of the above-mentioned paste constituent at a charge collector, when this positive 
electrode is included in a lithium secondary battery, it can demonstrate the cell property excellent in the 
charge-and-discharge cycle property in high temperature etc. 

[0062] According to the manufacture method of the positive electrode for lithium secondary batteries which 
furthermore starts this invention, the positive electrode of the lithium secondary battery which has an 
outstanding cell property which was mentioned above is obtained. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the positive electrode for lithium 
secondary batteries using a positive-electrode paste constituent and it suitable as a positive-electrode 
material of the lithium secondary battery using a lithium nickel multiple oxide with the stratified rock salt 
type crystal structure as a positive active material, and its manufacture method in more detail about a 
lithium secondary battery. 
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PRIOR ART 



[Description of the Prior Art] Adopting as the power supplies which I hear that the high voltage and 
high-energy density are obtained, and this kind of lithium secondary battery can attain small and 
lightweight-ization, and it is already put in practical use in the related field of information communication 
equipment, such as a personal computer and a cellular phone, and are carried in ah electric vehicle or a 
hybrid electrjc vehicle from a resources problem or an environmental problem has also been advanced 
considerably practical. 

[0003] In such a situation; examination is added, for example, various positive-electrode paste constituents 
for lithium secondary batteries are also about the positive active material in the constituent. A lithium cobalt 
multiple oxide (LiCo02) is used at the beginning, the lithium manganese system multiple oxide (LiMn 204) of 
the spinel type crystal structure is also adopted from cost or a resources problem, and the lithium nickel 
system multiple oxide (LiNi02) which I hear that is further excellent in the charge-and-discharge cycle 
property in high temperature, and has the stratified rock salt type crystal structure also attracts attention. 
[0004] Generally this positive-electrode paste constituent is a positive active material which was mentioned 
above, and the conductive matter for giving conductivity to this positive active material (metaphor), an 
electrode material is distributed in the binder solution which melted the organic binder resin to, the solvent in 
the mixed-powder end of acetylene black etc. — making — a positive electrode — a mixture — a slurry — 
carrying out — this positive electrode — a mixture — application dryness of the slurry is carried out on the 
charge collector which consists of a metal-electrode foil (for example, aluminum foil) or a metal network, and 
the application material is further stuck by pressure on a charge collector with a press, and it is considering 
as the positive-electrode sheet 

[0005] moreover, also about a negative-electrode sheet, a negative-electrode active material is distributed 
in the binder solution which melted the organic binder resin to the solvent similarly — making — a negative 
electrode — a mixture — it considers as a slurry and is manufacturing by carrying out application dryness 
and pressing this on a charge collector And a lithium secondary battery is constituted by being immersed in 
the organic electrolytic solution of a non-drainage system in the state where the separator sheet of the 
porosity which is insulation and has ionic migration nature was made to infix between a positive-electrode 
sheet and a negative-electrode sheet. 

[0006] As the binder solution used for a positive-electrode paste constituent in such a technical background 
For example, as shown in JP,6-93025,A or JP.6-1 72452,A, that by which various kinds of fluoride vinylidene 
system polymers (PVDF) dissolved this in polar solvents, such as a N-methyl-2-pyrrolidone (NMP) and a 
dimethylformamide, paying attention to having excelled in chemical resistance, weatherability, resistance to 
contamination, etc., and being stable to the electrolytic solution of a non-drainage system is known. 
[0007] Moreover, as shown in JP,10-255808,A, in case a fluoride vinylidene system polymer is melted to an 
organic solvent and a binder solution is manufactured for example, carry out ** fluoric acid processing of the 
fluoride vinylidene system polymer by addition of heating or the alkali matter, fluoric acid is made to contain, 
and there are some which improved the adhesive property of an electrode paste constituent and a charge 
collector by adding acids other than fluoric acid (organic acid) further. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to the positive-electrode paste constituent of this invention, the 
stratified lithium nickel system multiple oxide is used for the positive active material. The adhesive property 
over the charge collector of the paste at the time of electrode sheet manufacture was raised by carrying 
out proper quantity combination of the organic acid of the multiple valued more than divalent into the 
constituent it not only excels in the cell properties (charge-and-discharge cycle property etc.) in the high 
temperature (60 degrees C or more) as a lithium secondary battery, but, and it became possible to lose 
adhesion on the roll of the paint film at the time of the press after coating. Therefore, from the first, it is 
suitable also for mass-production nature that it is effective to apply this positive-electrode paste 
constituent to the power supply of the electric vehicle put especially on the operating environment in high 
temperature etc. in respect of a cell performance, and it contributes also to the stability of a cell 
performance and cheap-izing of a manufacturing cost by there being little exfoliation from the charge 
collector of a positive active material, this invention is cultivating possibility of using a stratified nickel acid 
lithium for the use which needs to produce a lot of electrode layers like the rechargeable battery for electric 
vehicles for a short time. 

[0061] Moreover, since the positive electrode for lithium secondary batteries of this invention carries out 
application dryness of the above-mentioned paste constituent at a charge collector, when this positive 
electrode is included in a lithium secondary battery, it can demonstrate the cell property excellent in the 
charge-and-discharge cycle property in high temperature etc. 

[0062] According to the manufacture method of the positive electrode for lithium secondary batteries which 
furthermore starts this invention, the positive electrode of the lithium secondary battery which has an 
outstanding cell property which was mentioned above is obtained. 
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TECHNICAL PROBLEM 

... ,, , ■. -rr—rr-r , [ ^ . ' 

[Problem(s) to be Solved by the Invention] However, for example, it is becoming indispensable that the 
electrode sheet used for the lithium secondary battery for electric vehicles has thickness as thin as 100 
micrometers of dozens of rnicrometers to numbers, and the thing of a large area is used for it. in such a 
case — while conveying a charge collector sheet on a mass-production line as a method of being this thin 
film and manufacturing the electrode sheet of a large area cheaply industrially — the sheet side — an 
electrode — a mixture — application dryness of the slurry (thing which made the above-mentioned binder 
solution distribute a powder electrode material etc.) will be carried out, and the method of making the 
application material stick to a charge collector sheet side by pressure by the roll press further will be taken 
[0009] And since the fluoride vinylidene system polymer used for the binder solution of the 
above-mentioned positive-electrode paste constituent had binding capacity with a powder electrode 
material, and comparatively weak adhesive strength with a charge collector when such a manufacture 
method is adopted, phenomena, such as ablation from the charge collector of the electrode binder layer 
which contains defluxion of powder electrode materials, such as an active material, and these powder 
electrode material while in use, were seen. When the stratified lithium nickel multiple oxide which is excellent 
in the cell performance in high temperature as a positive active material especially is used, since binding 
capacity with a fluoride vinylidene system polymer is very weak, An active material drops out at the time of 
the press after coating, and adhere to a roll or it exfoliates from a charge collector for the stress generated 
with a press. There is a problem whose press of a large area becomes impossible, and a large-sized cell like 
the cell for automobiles was not able to be manufactured so much in the lithium secondary battery using the 
stratified lithium nickel multiple oxide as a positive active material. 

[0010] In order to solve an above-mentioned problem, it is possible to increase the quantity of the fluoride 
vinylidene system polymer which is a binder. However, although surely increase in quantity of a fluoride 
vinylidene system polymer brings about improvement in binding capacity or adhesive strength, it has the 
trouble that the active material concentration in an electrode binder layer falls, and the electric capacity per 
unit area falls. Moreover, even if it made the quantity of a binder increase in the case of a stratified lithium 
nickel multiple oxide, improvement in sufficient binding capacity or adhesive strength was not obtained. 
[001 1] And as a cause which is inferior to binding capacity or adhesive strength in the positive-electrode 
paste constituent using the stratified lithium nickel multiple oxide, since the bonding strength during 
combination between 3 persons of a positive-active-material particle, a binder, and a charge collector, i.e., 
an active material particle-active material particle, between active material particle-binders, between active 
material particle-charge collectors, and between binder-charge collectors is weak, it is thought that an 
active material particle drops out, and it adheres to a roll or exfoliates from a charge collector at the time of 
a roll press. 

[0012] Moreover, since the addition of an organic acid is a minute amount according to the binder solution 
shown in JP, 10-255808, A In order for an active material particle to drop out at the time of a roll press, and 
not to solve too the problem of adhering to a roll or exfoliating from a charge collector sheet but to 
manufacture this binder solution further Since the process that addition of heating or the alkali matter 
performs ** fluoric acid processing is needed in a fluoride vinylidene system polymer, there is also a problem 
that the production cost of an electrode sheet becomes high. 

[0013] This invention persons thought that the above-mentioned problem generated at the time of a roll 
press would be solvable, when strengthening further bonding strength between 3 persons of a stratified 
lithium nickel multiple-oxide particle, a binder, and a charge collector. And as a result of carrying out efforts 
examination wholeheartedly, while blending the organic acid more than divalent during positive-electrode 
paste composition, by adjusting the loadings of the organic acid, it finds out that the bonding strength 
between 3 persons of a stratified lithium nickel multiple-oxide particle, a binder, and a charge collector 
becomes strong, and the problem of adhesion on the roll of an active material particle is solved, and comes 
to hit on an idea of this invention. 

[0014] When the lithium nickel multiple oxide which is excellent in a cell performance as a positive active 
material, and can demonstrate a high charge-and-dis charge cycle property especially under the operating 
environment in the high temperature as a power supply for automobiles etc. is used, the technical problem 
which is going to solve this invention has the good fixing nature to the bonding strength between active 
materials, or the charge collector of an active material, and it is to offer the positive-electrode paste 
constituent suitable for carrying out abundant manufacture of the large-sized cell. Moreover, it is in offering 
the lithium secondary battery using the paste constituent, and its manufacture method. 
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MEANS 



[Means for Solving the Problem] The positive-electrode paste constituent for lithium secondary batteries 
applied to this invention in order to solve this technical problem The lithium nickel system multiple oxide 
according to claim 1 which; has lamellar-crystal structure like is made into a positive active material. This 
positive active material, The conductive matter which gives conductivity to this active material, and the 
binder which combines both matter are distributed to a solvent, and let it be a summary to be characterized 
by carrying out 0.1-3 weight section combination of the organic acid more than divalent to the 
positive-active-material 100 weight section at this. 

[0016] In this case, a stratified lithium nickel system multiple oxide makes stratified rock salt structure, and 
the crystal structure has the same crystal structure as a lithium cobalt system multiple oxide. And the 
lithium manganese system multiple oxide of the spinel type crystal structure is excelled in the 
charge-and-discharge cycle property in high temperature. This stratified lithium nickel system multiple oxide 
carries out the designation of the multiple oxide with the transition metals which make a lithium and nickel a 
principal component, and is empirical-formula LiNi1-XMX02 (M consists of one sort, such as Ti, Mn, Co, 
aluminum, Mg, and Ga, or two sorts or more.). The multiple oxide expressed with 0<=x<1 can be used.. Even if 
it is the case where any are used as an active material, it is good to use a particle powder-like thing and it is 
desirable to use the thing of the range of 1-30 micrometers by the particle diameter. 
[0017] If optimum dose mixture is carried out and the conductive matter can give conductivity to a 
positive-electrode layer at a positive active material, there will be especially no limit. For example, one sort 
or two sorts or more of things can be mixed and used among carbon matter powdery parts, such as carbon 
black, acetylene black, and a graphite. Moreover, a stable metal powder can also be used by the electrode 
potential to be used. .. . " 

[0018] Generally as for a binder, the binder of an organic system is used. This organic binder plays the role 
which ties the particle of a positive active material and the conductive matter, and it is required from 
nonaqueous electrolyte etc. that it should be stable and weatherability, chemical resistance, thermal 
resistance, fire retardancy, etc. should be good. For example, thermoplastic polymer, such as 
fluorine-containing polymer, such as a tetrafluoroethylene polymer, a fluoride vinylidene polymer, and a 
fluororubber, polypropylene, and polyethylene, etc. can be used. Moreover, it is also possible to use 
synthetic-rubber system latexes, such as a styrene-butadiene-rubber latex and a carboxy denaturation 
styrene-butadiene-rubber latex. 

[0019] A solvent also plays the role which adjusts the viscosity of the positive-electrode paste constituent 
which mixes these and is obtained while playing the role which distributes uniformly a positive active 
material, the conductive matter, and an organic binder. If it can dry easily [ can dissolve the 
above-mentioned organic binder and ], it can choose suitably. Specifically, an n-methyl-2-pyrrolidone, a 
dimethyl formamide, etc. are mentioned. 

[0020] And the organic acid more than divalent [ which is blended with this ] plays the role which 
strengthens the bonding strength between 3 persons of a positive-active-material particle, a binder, and a 
charge collector, and if meltable to a solvent, there will be especially no limit. For example, in a molecule, it 
considers as a dicarboxylic acid with two carboxyi groups, and aromatic dicarboxylic acids, such as aliphatic 
unsaturation dicarboxylic acids, such as aliphatic saturation dicarboxylic acids, such as oxalic acid, a malonic 
acid, a succinic acid, and a glutaric acid, and a maleic acid, and a phthalic acid, are mentioned. Moreover, 
tricarballylic acid, a benzene tricarboxylic acid, etc. are mentioned as a tricarboxylic acid which has three 
carboxyi groups in a molecule. And as for the blending ratio of coal of an organic acid, it is desirable to carry 
out to more than the 0.1 weight section to the positive-active-material 100 weight section in order to fully 
raise the binding capacity of a positive-active-material particle. Moreover, if an organic acid exceeds 3 
weight sections, while the improvement effect of binding capacity will fall, a problem arises for cell 
performances, such as causing the fall of cell capacity. 

[0021] The effect that the organic acid more than divalent strengthens the bonding strength between a 
positive-active-material particle, a binder, and a charge collector as a large reason Since the organic acid 
more than divalent has two or more parts in which other matter and combination are possible in 1 molecule, 
When optimum dose combination of the organic acid more than divalent is carried out, to a 
positive-electrode paste constituent one bonding site The stratified lithium nickel multiple-oxide particle 
which is a positive active material in the constituent, The stratified lithium nickel multiple-oxide particle of 
others [ bonding site / which combined with the conductive matter particle and the binder and remained ], It 
combines with a conductive matter particle and a binder, and the binding capacity between 
positive-electrode material is raised, further, the bonding site which remained when it applied to a charge 
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collector combines with a current collection body surface, and it is thought that the adhesion force between 
positive-electrode material and a charge collector is raised. 

[0022] Moreover, the positive electrode for lithium secondary batteries of this invention makes it a summary 
to carry out application dryness of the paste constituent according to claim 1 at a charge collector. 
According to this positive electrode for lithium secondary batteries, when it includes in a cell, a high 
charge-and-discharge cycle property is acquired under the operating environment of high temperature. 
[0023] The manufacture method of the positive electrode for lithium secondary batteries which furthermore 
starts this invention distributes a lithium alloy system positive active material, the conductive matter, and a 
binder to a solvent, carries out 0.1-3 weight section combination of the organic acid more than divalent to 
the positive-active-material 100 weight section at this, creates a positive-electrode paste and makes it a 
summary to carry out application dryness and to manufacture this to a charge collector. The positive 
electrode for lithium secondary batteries which was excellent in the cell property by this will be 
manufactured. 
[0024] 

[Embodiments of the Invention] The gestalt of suitable operation of this invention is explained in detail 
below. 

<the composition of a positive-electrode paste constituent, and the production method> — the 
positive-electrode paste constituent of this invention consists of an organic binder which combines the 
stratified lithium nickel multiple-oxide particle which can occlusion emit a lithium, and which is an active 
material, the conductive matter which gives conductivity to this positive-active-material particle, and these 
positive-active-material particles and conductive matter, a solvent which makes these a uniform distributed 
state, and an organic acid more than divalent [ which is further blended with thfe solvent ] as mentioned 
above And face manufacturing this positive-electrode paste constituent mix a positive active material and 
the conductive matter with an organic binder, a solvent is made to blend and distribute this, an organic acid 
is added further, and a paste-like positive-electrode plied timber slurry is produced. 

[0025] Under the present circumstances, when the whole positive-electrode paste constituent produced is 
made into 100%, in order to obtain sufficient cell capacity, as for the blending ratio of coal of a positive 
active material, it is desirable to carry out to more than 30wt%. Moreover, as for the blending ratio of coal of 
the conductive matter, it is desirable to carry out to more than 2wt%, in order to acquire sufficient 
conductivity, and in order to acquire sufficient binding property, it is desirable [ the blending ratio of coal / 
the blending ratio of coal of an organic binder ] to carry out to more than 2wt%. Moreover, as mentioned 
above, in order to acquire the effect of the improvement in bending of a positive-active-material particle, as 
for the blending ratio of coal of an organic acid, it is desirable to carry out to more than 0.5wt% to the 
positive-active-material 100 weight section, since it is the need more than the 0.1 weight section. 
[0026] However, if the conductive matter exceeds 20wt(s)%, an organic binder exceeds 10wt(s)% or an 
organic acid exceeds 3 weight sections to the positive-active-material 100 weight section, a problem will 
arise for a cell performance, such as causing the fall of cell capacity. Moreover, if it is desirable to carry out 
to more than 30wt% and it exceeds 60wt% in order to make it distribute uniformly or to make it a problem 
produce the aforementioned constituent neither to the homogeneity in coating, nor surface smooth nature, 
viscosity will become low and problems, like dripping arises at the time of coating will generate the blending 
ratio of coal of a solvent. 

[0027] in order that a positive-electrode paste constituent may secure a good cell performance — each 
above-mentioned component matter — enough — and it is necessary to knead and distribute uniformly 
Therefore, as for a kneading distribution process, it is desirable to carry out using the agitator which has the 
rotating wing, a ball mill, a medium agitation mill, etc. 

[0028] The positive electrode of the <production method of positive electrode> lithium secondary battery 
carries out coating of the positive-electrode paste constituent adjusted and produced as mentioned above 
to the front face of a charge collector sheet, and is performed by making a positive-electrode layer form. 
Metallic foils, such as aluminum, are used for the charge collector sheet used as the base material by which 
coating is carried out. It is convenient to use the coater of the coating-machine method which can carry out 
application dryness of the electrode paste constituent as equipment used for coating succeeding a band-like 
charge collector sheet. 

[0029] Since the constituent applied to the application section of a coater is hyperviscosity comparatively, it 
is desirable to adopt application methods, such as a comma coat, a squeeze coat, a die coat, and a lip coat. 
Let application thickness of a positive-electrode paste constituent be arbitrary things among 50-500 
micrometers. 

[0030] In the case of a coating-machine method, the dryer part of a coater is a continuous furnace, and can 
adopt various things, such as hot blast and infrared radiation, as dryness. As for drying temperature, it is 
desirable that it is 80 degrees C or more. In the case of less than 80 degrees C, it is because there is a 
possibility of drying becoming inadequate, and a solvent remaining in a positive-electrode layer, and reducing 
a cell performance. However, if drying temperature is raised not much too much, dryness advances, and 
since it is expected that uniform dryness cannot be performed, only a front face will require cautions. And in 
order to make thickness of an electrode layer into predetermined thickness, to raise electrode density and 
to raise surface smooth nature further, it presses after dryness. This is effective for raising the energy 
density of a cell. After carrying out application dryness of the electrode paste on a band-like charge 
collector sheet as. equipment used for a press, generally the roll press which can be pressed continuously is 
used. 
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[0031] <the Structure of a lithium secondary battery> — the lithium secondary battery using the electrode 
produced as mentioned above is explained Generally a lithium secondary battery consists of separator 
fastened between a positive electrode, a negative electrode, and a positive electrode and a negative 
electrode, and nonaqueous electrolyte. Below, the component except the positive electrode mentioned ■ 
above is explained in order. .„ 
[0032] Although a metal lithium, a lithium compound, a lithium alloy, etc. can be used for a 
negative-electrode active material, since there is a problem of the deposit of the dendrite accompanying the 
repeat of charge and discharge, it is good to replace with these and to make into a negative-electrode 
active material the powdered carbon material which can occlusion emit a lithium. When making a carbon 
material into a negative-electrode active material, mix a binder to this carbon material, add a suitable 
solvent if needed and consider as a negative-electrode paste constituent, and carry out application dryness 
of this on the front face of negative-electrode charge collector sheets, such as copper foil, like a positive 
electrode, a negative-electrode layer is made to form, and it produces. 

[0033] The material which heat-treated a natural graphite, an artificial graphite, corks, carbon black, 
vapor-growth carbon, a carbon fiber, the material that carbonized the organic macromolecule system 
compound, or these, and was mixed as a carbon material which can be used as a negative-electrode active 
material can mention. In manufacture of a negative electrode, the same thing as'a positive electrode or the 
same method can be used about.kneading distribution of the binder to which a negative-electrode active 
material is made to bind, a solvent, and a negative-electrode paste constituent, and the application dryness 
method. 

[0034] The separator fastened between a positive electrode and a negative electrode separates a positive 
electrode and a negative electrode, and has the function to hold the electrolytic solution and to pass a 
lithium ion. Porosity films, such as polyethylene and polypropylene, a nonwoven fabric, or textile fabrics can . 
be used for this separator. It is desirable that the thickness of separator sets to about 10-200 micrometers. 
[0035] If it is the quality of a non-matter of chance which has ionic migration nature in order that it may be 
stable and a lithium ion may carry out electrochemical reaction to this positive active material and a , 
negative-electrode active material to the above-mentioned positive active material and a negative-electrode 
active material, all can be used for nonaqueous electrolyte. Usually, it is made to dissolve in an organic 
solvent and the lithium salt which is an electrolyte is used. Specifically, as for the salt which can be used for 
an electrolyte, LiPF6, LiAsF6, LiSbF6, LiBF4, LiCI04, Lil, LiBr, LiCI, LiAICI, LiHF2, LiSCN, and LJS03CF2 
grade is mentioned. LiPF6, LiBF4, and LiCI04 are [ especially among these ] suitable. 

[0036] Although the solvent which dissolves this electrolyte can be chosen arbitrarily, the organic solvent of 
comparatively a high dielectric constant is used as a suitable thing. For example, one sort or two sorts or 
more of solvents, such as nitril, such as sulfur compounds, such as lactone, such as glymes, such as 
un-annular carbonate, such as annular carbonate, such as ethylene carbonate and propylene carbonate, 
dimethyl carbonate, and ethyl methyl carbonate, a tetrahydrofuran, and 2-methyl tetrahydrofuran, and 
gamma-butyl lactone, and a sulfolane, and an acetonitrile, are mentioned. One sort or two sorts or more of 
mixed solvents chosen especially among these from un-annular carbonate, such as annular carbonate, such 
as ethylene carbonate and propylene carbonate, dimethyl carbonate, and ethyl methyl carbonate, are used as 
a suitable thing. 

[0037] Moreover, it can replace with the above-mentioned nonaqueous electrolyte, and the inorganic solid 
electrolyte of the lithium glass of the organic solid electrolyte into which polymers, such as an isocyanate 
bridge formation object of a polyethylene oxide, polypropylene oxide, and a polyethylene oxide, a phenylene 
oxide, and phenylene sulfide system polymer, were infiltrated, Li3N, LiBCI4, Li4Si04, and Li3B03 grade can 
also be used for the above-mentioned nonaqueous electrolyte as a solid electrolyte. 

[0038] As a configuration of the lithium secondary battery constituted as mentioned above, it can consider 
as various things, such as cylindrical, a core box, a paper type, and a card type. Even if it is the case where 
which configuration is taken, it considers as the electrode object which made separator fasten to a positive 
electrode and a negative electrode, and connects using the lead for current collection to the 
positive-electrode terminal which leads to a positive-electrode charge collector and the negative-electrode 
charge collector shell exterior, and a negative-electrode terminal etc., this electrode object is sealed in a cell 
case with nonaqueous electrolyte, and a lithium secondary battery is completed. 

[0039] Based on the above-mentioned operation form, the positive-electrode paste constituent was actually 
produced as an example. Moreover, apart from this, the positive-electrode paste constituent which was 
specified by this invention and which exists out of range was produced as an example of comparison. The 
positive electrode was produced by coating dryness and the roll press to the charge collector sheet side 
using the positive-electrode paste constituent of this example and the example of comparison. The cylinder 
cell type lithium secondary battery was further actually produced. And cell capacity (initial service capacity) 
was further compared with the charge-and-discharge cycle property in high temperature (60 degrees C), 
and it confirmed being [ of the adhesion state of the positive active material to the roll at the time of a 
press, and the positive-electrode layer after a press ] the adhesion, and that the positive-electrode paste 
constituent of this invention was effective. 
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* NOTICES '* 
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1. This document has been translated by computer.So the translation may not reflect the original precisely. 
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EXAMPLE 



[Example] Below, production of the positive-electrode paste constituent of an example and the example of 
comparison and a positive electrode, manufacture of a cell, and the comparison result of an experimental 
data are explained in order. Component comparison of each sample offering positive-electrode paste 
constituent is shown in Table 1 . 

[0041] <Example 1> The positive-electrode paste constituent of this example 1 based on the operation form 
of the above-mentioned this invention used the crystal grain child of a lithium nickel multiple oxide for the 
positive active material, and acetylene black was used for it as conductive matter. Moreover, while using for 
the organic binder the oxalic acid which has a divalent valence in an organic acid using the fluoride vinylidene 
polymer (it abbreviates to PVDF hereafter), the n-methyl-2-pyrrolidone (it abbreviates to "NMP" hereafter) 
was used as a solvent, respectively. Each blending ratio of coal in a positive-electrode paste constituent 
was adjusted so that oxalic acid might serve as the 0.1 weight section to the lithium nickel multiple-oxide 
100 weight section, and acetylene black made NMP46.0wt% the adjustment ratio of each matter to the whole 
oxalic acid 0.5wt% PVDF2.7wt% 5.4wt(s)% lithium nickel multiple-oxide 45.9wt%. 

[0042] Kneading distribution of a positive-electrode paste constituent used the disperser (Ur Travis Comil : 
product made from eye MEKKUSU). Capacity is 2.0I., this disperser has five stirring disks, and 1 .41. of 
zirconia beads with a diameter of 2mm is thrown in. The stirring disk was rotated by rotational-speed 
lOOOrpm, and consecutive processing of the positive-electrode paste constituent was carried out by part for 
150ml/, and it scattered a kneaded part and considered as the positive-electrode paste. 
[0043] <Example 2> Positive-electrode paste constituent of this example 2 based on the operation gestalt 
of the above-mentioned this invention, Except having made the loadings of oxalic acid into 3 weight sections 
to the lithium nickel multiple-oxide 100 weight section, each component material and production conditions 
were the same as the example 1, and, as for the blending ratio of coal of each component, acetylene black 
could be NMP46.0wt% oxalic acid 1.3wt% PVDF2.6wt% 5.3wt(s)% lithium nickel multiple-oxide 44.8wt%. 
[0044] An organic acid (oxalic acid) is not blended with the <example 1 of comparison> positive-electrode 
paste constituent, it is an example 1 and each component material except it, and production conditions are 
the same. Acetylene black made NMP46.0wt% the blending ratio of coal of each component PVDF2.7wt% 
5.4wt(s)% lithium nickel multiple-oxide 45.9wt%. 

[0045] Examples 1 and 2, and each component material and production conditions are the same except 
having made [ more ] the blending ratio of coal of the organic acid in the <example 2 of comparison> 
positive-electrode paste constituent than a convention. In this example 2 of comparison, the loadings of 
oxalic acid are made into 4 weight sections to the lithium nickel multiple-oxide 100 weight section. Acetylene 
black made NMP46.0wt% the blending ratio of coal of each component material oxalic acid 1.8wt% 
PVDF2.6wt% 5.2wt(s)% lithium nickel multiple-oxide 44.4wt%. 

[0046] ** and it which blend an organic acid with the <example 3 of comparison> positive-electrode paste 
constituent are an acetic acid which has a univalent valence, and made the loadings 3 weight sections to the 
lithium nickel multiple-oxide 100 weight section as well as the case of an example 2. The acetylene black of 
the blending ratio of coal of each component is NMP46.0wt% acetic-acid 1 .3wt% PVDF2.6wt% 5.3wt(s)% 
lithium nickel multiple-oxide 44.8wt%. 
[0047] 
[Table 1] 
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[0048] In this way, the comma coating machine was used on aluminum foil (width of face of 200mm , a length 
of 250m) with a thickness of 20 micrometers, the produced positive-electrode paste was dried for 5 minutes 
at 80 degrees C after the single spread, application dryness was carried out about the rear face as well as 
the dryness back, and the positive-electrode sheet with a length of 200m with which the order edge was cut 
and positive-electrode material was applied to both sides was obtained. Next, after performing the roll press 
by linear pressure 1000 kgf/cm and setting thickness to 100 micrometers, it cut off in the predetermined 
configuration and the positive electrode was produced. 

[0049] Using a meso carbon micro bead as a negative-electrode active material, this was mixed with the 
fluoride vinylidene polymer (PVDF) which is an organic binder in the negative-electrode paste constituent, 
and the thing which the n-methyl-2-pyrrolidone (NMP) which is a solvent was made to distribute was used 
for it. Each blending ratio of coal in a negative-electrode paste constituent could be NMP50.0wt% 
PVDF5.0wt% meso carbon micro bead 45.0wt%. And the comma coating machine was used on copper foil with 
a thickness of 20 micrometers, the negative-electrode paste which carried out kneading distribution like the 
positive-electrode paste constituent was dried for 5 minutes at 80 degrees C after the single spread, 
application dryness was carried out about the rear face as well as the dryness back, and the 
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negative-elefctrode sfheet with which negative-electrode material was applied to both sides was obtained. 
Next, after performing the roll press by linear pressure 1000 kgf/cm and setting thickness to 100 
micrometers, it cut off in the predetermined configuration and the negative electrode -was produced. 
[0050] Next, the separator made from polyethylene with a thickness of 20 micrometers was fastened 
between the positive electrodes and negative electrodes which were obtained, and it wound up on the swirl, 
and considered as the cylinder cell, and the cell can with which it fills up with a nonaqueous electolyte was 
equipped. What dissolved LiPF6 in the amount mixed liquor of isochores of ethylene carbonate and diethyl 
carbonate by concentration 1 mol/l as a supporting electrolyte was used for the electrolytic solution. 
[0051] Comparative evaluation of the adhesion of the positive-electrode material to the roll in the roll press 
after application dryness was carried out by the tape friction test about the positive-electrode paste 
constituent of the examples 1 and 2 which are <comparison result> this invention articles, and the examples 
1 , 2, and 3 of comparison which are comparison articles. The tape friction test stuck the cellophane tape on 
the positive-electrode front face, removes it quickly, carried out visual observation of the field which 
exfoliated, and evaluated adhesion. 

[0052] Furthermore, comparative evaluation of initial service capacity and the charge-and-discharge cycle 
property in high temperature (60 degrees C) was carried out about the cylinder cell produced using each 
positive-electrode paste constituent. Initial service capacity performed constant-current charge and 
discharge of 500mA of charging currents, and 500mA of discharge currents in the range of voltage 3.0-4.1 V. 
Moreover, the charge-and-discharge cycle property in high temperature (60 degrees C) repeated the charge 
and discharge in this condition, and evaluated it by the service-capacity maintenance factor after the 100 
cycles to initial service capacity. These results are shown in Table 2. 
[0053] 
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[0054] As shown in the above-mentioned table 2, with the positive-electrode paste constituent of the 
example 1 of comparison, the affix was in the roll in the roll press at the 50m press time, the binding 
property of positive-electrode material was low, positive-electrode material exfoliated from the current 
collection body surface, apd the adhesion to a current collection body surface was also low. Since the 
organic acid more than divalent was not blended with the positive-electrode paste constituent of the 
example 1 of comparison, this is because the binding property of positive-electrode material and the 
adhesion fall occurred. 

[0055] Moreover, the service capacity in early stages of the cell produced in the positive-electrode paste 
constituent of the example 2 of comparison although a binding property and adhesion were equivalent to 
examples 1 and 2 was as low as 1080mAh(s). Since [ to which an organic acid exceeds 3 weight sections to 
the positive-active-material 100 weight section ] 4 weight sections combination was carried out, this is 
considered that the capacity of a cell itself fell by the positive-electrode paste of the example 2 of 
comparison. 

[0056] Moreover, with the positiveHelectrode paste constituent of the example 3 of comparison, the affix 
was in the roll at the 80m press time, the binding property of positive-electrode material was low, 
positive-electrode material exfoliated from the current collection body surface, and the adhesion to a 
current collection body surface was also low. Since the univalent acetic acid was blended with the 
positive-electrode paste of the example 3 of comparison as an organic acid, this is considered that the 
binding property of positive-electrode material and the adhesion fall occurred. 

[0057] On the other hand, in the positive-electrode paste constituent of the examples 1 and 2 based on the 
operation form of this invention, a binding property and adhesion improve by combination of a divalent 
organic acid, there is no adhesion of positive-electrode material on a roll at the 200m press time, and 
positive-electrode material did not exfoliate from a current collection body surface. Moreover, the fall of the 
initial service capacity of the produced cell was not accepted, either. From this result, it was proved that the 
positive-electrode paste constituent of this invention was a positive-electrode paste constituent excellent 
in a binding property or adhesion. 

[0058] Moreover, also about the charge-and-discharge cycle property in high temperature (60 degrees C), 
since the lithium nickel multiple oxide was used for the positive active material in a positive-electrode paste 
constituent, it was checked that any prototype demonstrates a high service-capacity maintenance factor. 
And it is considered as follows as a matter reaction mechanism that such a result was obtained. Since the 
organic acid more than divalent has two or more parts in which other matter and combination are possible in 
1 molecule When optimum dose combination of the organic acid more than divalent is carried out, to a 
positive-electrode paste constituent one bonding site The stratified lithium nickel multiple-oxide particle 
which is a positive active material in the constituent, The stratified lithium nickel multiple-oxide, particle of 
others! bonding site / which combined with the conductive matter particle and the binder and remained ], It 
combines with a conductive matter particle and a binder, and the binding capacity between 
positive-electrode material is raised, further, the bonding site which remained when it applied to a charge 
collector combines with a current collection body surface, and it is thought that the adhesion force between 
positive-electrode material and a charge collector was raised. 

[0059] Alterations various in the range which is not limited to the above-mentioned example at all, and does 
not deviate from the meaning of this invention are possible for this invention. For example, although the 
above-mentioned example showed the example of oxalic acid as a divalent organic acid, it is clear from the 
use of the organic acid of this invention that various kinds of organic acids more than divalent [ of 
dicarboxylic acids such as the other maleic acid, a malonic acid, and a succinic acid, or a tricarboxylic acid 
and others ] are applied. Moreover, the conductive matter, a binder, etc. are not limited to the thing of an 
example. And, of course, the improvement of attaining stabilization of a cell property by replacing some 
nickel elements by other metallic elements also about a stratified lithium nickel system multiple oxide is 
possible. 
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ffl©jEa^-xKtftiaE«"ba*ttW3WjniA6ti, a*. 
A3A\>n-a-&a{t«& (l i C002) tfm^zn. 3 

fi>&&&mk®> (LiMn 2 0 4 ) fcsmisn, 

fcaa*T©as;ttau-'f * ;M*tt «c«n* i v» 5 - c t t 

m (L i N i O 2 ) "bffiBSttTH*. 

[0 0 0 4] 31©IEa^-7> -ftfctt, ± 

jS5bfcJ:5JftiEa»«»'Kt. H©IEaS*Rfc»attS 
f*4f5fc«>©»«tt«m (a*tt. 7ir5 1 ^>^7->' 

t©«£«&*aa*m*> #a/t-f>^-a» 

#JX7'J — £Lfcfc©T*0, ^©jEa-&^J7.7'J-^ 

&«ma?§ (a*.& Aifi) &it\t&mM%f&t>ts.z> 

*a#±tca*&ft»U S6C7 p U^C«tr3-€-©a*tt' 



(2) 

[o 0 o'5j. a&fc*a^- mc3vs"t%>.- aaaaas 

^H»a+fc#«**TA«*H;*7U-i:U 

-€-LTIEa->-H£fta->-H£©Mte««tt 
©» *»0-f ^>^»f4Sr^-rS#?LK©-t/tU-^->— 

• K*^ss-a:fcttffiT?#**©*aa/!i«Jc«»-r*j: 
1 1 j: o y A=jfca»#«aa *i* %> ©t* * . 
[0006] n©±5a:aaw»*K*v»T, na^— 

«, 6-9 3 0 2 5 6-1724 

5 2'afta£«3*t«J:5'lC. #a©72/^h*3U7 i > 
CPVDF) BfSSftttO 

K^iU Ctl*N-./9 1 ;p-2-i;uiJ K> (NM 

t>©*«aetiTi^-5. . 

[0 0 0 7] 0-2 5 5 8 0 8t 

,. acioK^yaaaixT^^a****-*, 11:77 
. a&ut©a (wans) fcaa-rsEtfc.fcDaa'*-;* 

[0 0 0 8] 

[»w«»a»bJ:5i:r*aa] u*ua:*«6, a*. 
hi, aae»*a©y^*A:i*a»fcffl^&n*aa 
s^-m*. aa*t»+tfm*6ftaMmta<, 

±5!4«W5»it, ^-3*aa©aa->-h*x 

HWIC^fflS{cSjg-r-5^teibT«, att£a?-f>-k 

T*a#^-H*»»i*fca* s*© 5/- hBfcaa^'aa 
u- (w»©/w >^-»«ta*aa»»a&» 
»**&*>©) e&aaai. seca-^xcj: 

0*©a*»ttS*a#^-hBKffi*Sli'*£V>52r 
[0 0 0 9] *UT£©»J:3fca«#iS*.«aLfca 

^, wa!©iEg^-x haaa©>w aataw 

»»*'"t»»a#t©«a**«iyw»av>fc*, sifc 
isa**©»*aa*m©K»*. in6»*w#» 
s^t»«a^?aa©aaff*» 6 ©aa* ^oaa^ 6 
nfco zEaaaa&UTaaaT©aaaai:a 
n^>e« u?«> -> trjm&mtwizm sterns. 7 

axawT'uxaK:. a****aau. n-;n:#ft 

Lfc0UT> *H»©!/U*#*Bjai!&:*raB#* 
so 0, ■«U5 1 '>A=y^a^«fl:a«6jEa«aRi:t 



tf Bfl 200 1-35495 (P2001-35495A) 



3 

[0 0 10] ±»®WJ!ftflPife-r*fc»£, A*-f 

[0 0 11] ittUfJAry^^Mfc* 

feD, *«#a>s«*bfcb-r*t>©£**.&n*. 

[0012] 10-255 8 08 ^&$fiK^ 

Sn*/W>^iW!l:J:ntf, =fr«&©i3s3BDS>W»S 

t v» 3 nr, $ s.c^©ao^-»«* 

MOTS KM:. 7 yflSfcf-'Jx SrJD&i&SH 
[0 0 13] #fg0J#Ste, rnVtV^OA-yiDm-S 

mm®. 1 ?* no?-. *«#©3#m©is£:*j*s 

•fcoT. Jitfy^A^^M^Kfctoffl^, A*-f > 

On— Jl/^©#*©raS*WtN^n*3.t«r^,tHU» * 
56 Hi SfcUf* IdSo fc t> ©T & & „ 

[0 0 14] *5BB8©»»L/J:5i:-r*IIUBtt, lEUffi 
««ibT«ifitt1IBK«n, 1*fcglMtfli«Kfc££b 

[0 0 15] 

[IS^^JS^-r^fcfeCD^^] H©»H£#tftr*fc«6 



(3) 

MttH *tt^-r * A*f >f t u z\n\z 2 

ffi«±OW«»fciE1f e«K 1 0 0IIffllC»l/T0. 
[0 0 16] r©«-&(C^tt'J^^A^>^Jr;i,^-&K 

Ififi&SCL i N;i i -xMx02 (Mtt, Ti, Mn, C 
o, A.l, Mg, Gafc£©l«S;fctt2«£U:*»'&& 

o^x<d Tfa*n4*^iftft«fflv»« c 4jj< 

t>, »&^*#©*>©£&;B-r £>©#£<. 
1 ~3 0 Min©^H©%)©$rjs6ffl-r-2)©*WSL^. 
20 [0 0 17] a»«tt$iStl4. jE«S*MtfcM«B£LT 
JESJgC#«ttS:##T€r*feOT*n«» #fCfflRBf4 

©fc©£g£LTfflV>S;i£#T#<S. ffiffl-T-S 

[0018] ;u>?-u, mm»<o/^>y—ifi-tBt 

n*. rh77MDl5 1 l/>l^, 

t-.v £ 7.fg:©£fi£rf A» 5 ? X Srffl 1^5 d <t t> "Jfig 
[0 0 19] jtf«|i4. jESS^H. WttlA* 

*{*«JtCt4. n-*?^- 2 -KDU'H 

[0 0 2 0] ^LT, 'n(*i2^$n^2fffiR±©Wti 
KJ4. iEaiSttUtt^. AW>^-. I«#0 3flHlQ 
«S^**9fi»*!9:fJ**fc-rt>«)T, »ffllfc"J*T*n 
tf4*K*!IB»4«c^. 0iJA« v »-?rt(c*;i/^^->;«s 
2fli : foCv ! *;U^>SS<i:LT. ->a^K. vd>|; a 
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TO. l«*W«lttr«©3&»»SLV». 

a*3a««s«*.*&, fi»*«DrtiJbft*««ttTT.*t 

5. 

[0 0 2 1] 2flB£t±Cp**»*t, 'jEaiSMMltt^ A* 

iUCtt, 2«^±©WaSHil5H^cte©#iK£«£ 
-£lfftt&att£2'3£U:*i;T»«fca&. M^-Xh 

aa*K2aEii±'©aaa*aaK£-ra£. i^og 
^«wt*». toiiwi'i>o]E«awT*4i«yf* 

jMt^Kfkfts^. aatt&s«tf% am >y- <t 
mttvfc®G\z\t, »ofc«-&«<fca<aa#*ffi£tt£- 

[0 0 2 2] 3jfc*8E®y^tf A=&«fcfflIE«tt.. 

a$a i tctBiEo^-x haa«&aattfca4raai<' 

[0 0 2 3] S&Kifraafcasy^A— &a»aiE 

m^mmismit, u?-*.&&**jEaatta&*a&« 

ItjEttHMl 0 OMSaSJc^LO. l~3Jt*gl$BE 

^LTJES^-xh^^EKL. cneaaaicaaaa 
aaaafcan& u •> A-^*?ii!ffl 2Ea#*a& £ n* 

[0 0 2 4] 

eaaicaa-rs. 

^©lEaaaasff-Kaatts a aatt 
aat, ^n&oiEaswati^Piaattaaiifca^ 

at-stab-m, £a«*«i:*atta«£tfa-' , w 



(4) 

[0 0 2 5] £©a, IEttSa*©E£«fctt. f£®!£ 

• n&iEa^-x haaa©i£as i o o % t i>tz®%. 
asfl-fcaaeasasfcai^ 3 owt ^^ut-rs© 

attS»*fcafc. 2w t %U4±tTS©^M*b<, 

#aw >^-«E^tij-a-tt, *»3&«#ft*a*fc» 
ic. 2wtx6i±t-rs©3&«asuv». warn©' 
.0 e^«-&«. aa utj: 3 1,. 

ft±-©3»«*»*&"*fc, .Eaaaai 0 oasaica' 

IT0. 1 «»»£U:&KT**©T 0 . 5 w t %J£Ub 

[0 0 2 6] au *aaaa#t2 owt x 
o.'mww>?-&i owtxtiAfco, *aa*< 
jEaaaai o oaa»te*#UT3aa«*a*.&9"r 
*t,-aa#«©aT*«<a, aaaaicna^i; 
. -a. *&,.«fa©E^t4. aaaaas^-ta*. 

*L<. 6 Ow t *fca#*<8'< fc 0 , 'II 

[0027] M^-x haj$a»; a#fca»tta* 

laaiiia-rassastfi-saaa. *-^5jk 
a«i5;i/a*av»Tff5©««a*bvi. 

[0028] <jEa©f^«*a>uf i, >A— *aa©iE 
at, ±a©«fc"5fc:aa. f^asnfeiEa^-x h.aa 
30 asaa#5"-h©*afcan:u jEaa«aad«« 
^tcj:oTfften*i ax*n*»at3ft*«aff>' 
— Mca, 7^s— £Aa©aaaa*av>s*i*. ii 
icav» e'n«aa tbra. .»«©aa#->-Mcaa 
uxii^-x haa«*aaa«T?**3-^-^a: 
©axa*ffl^-5©^afjT»«.o 

[0029] aiaoa^afctt. aar*aa*a«Jt 

tsoijjffsun. lEa^-x haaa©a$ast£. 

40 5 0~5 0 0 /imWr^tttOfcffltr^^t^ 

[0030] axaaaaau. ^-^-^©a^a 
mtpT&-z>T, aattt, aa. ^n^^a^©fc©di 

LV». 8 0 tta**3pjte»i*:0, jEH 

artfca«3WiBr*i?att*»*o, «?i!iitffi^igT^ 
^±tft^^> taa©*aa**afT u, ^-ftaa^T? 
so a©aa«r»f*©asi:ix. aaaa^a«i>. nzizn 



7 

swans**** ft.m'&iz.zfux&no. z.ti 

[0 0 3 1] <y^£Ar:;M^©*ifi>-hE0J:3fc 

[0 0 3'2] JMMHMtfctt,. A*»J^*A, y^£A 
il U Kl# 3 5* > H 7 -T h «D*rtfJ <t V> 3 Mfttfe « fc»6 . 

Kiwwa*u a.*Tf^«r*. 

[0 0 3 3] ftfflSiKttTIl»4i:i0T*.*«* 
WRfcUTtt, *85H», A&JMB. 3-**, *-# 

-x h&jj!tf&©il**#«, »*<ai^flc«ft:t5V»Ttt, 
IE® £ !!«©*>©£, *fcttRI«<0*tt*ffli;»<&Ctjj« 

[0 0 3 4] jE«fcft«fc©HK»eKSft*-fe/tl'-* 

■i ;t>£S$£l*<5}8lti£WT*fc©T&-5, H0-fe/t 

■fe^U-^JOffSj&tl 0-2 0 0 iim.nS.lit^Z.tifl 

[0035] twnmmzte, ±Bi*e«Kis«tvft 

tt, Ktt. LiPF6- L i A s F 6 > LiSb 

F6» LiBF4.'LiC104, Li I, LiBr, 
LiCl, LiAlCl, LiHF2, LiSCN, L 
iS03CF2** I *ff6*l5. £ *l £> © 3 *> Tltt;: , 
LiPF 6 , LiBF 4 . L i C 10 4 

[0 0 3 6] d-o«*R*»»-rs»jitte*K:as;T 
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h 'J JMIte® 1 2 fl&±cDfeJS#<#tf 6 

n-s. ^n€.<Dp-5Ti|#ic, x^i/>#-#*- k y 
□ fcrw>#-**-h^©SM*;*7-tf*-i^ 

10 h*g^ &a«n& 1 2 actios^- 

[0 0 3 7] £fc,.±B#*«!Hfcfcft*THft:«Mt 

tut, ±e**«»«*« a u x? 1 >^-+-y--r 

= U>X^7-f F*.# U "7— 3 

L i 3 N. L 1 B C 1 4, Li4SiO 
4. L i 3BO3$0Uf7A^7^OlftiH#a»IS 

20 to 0 3 8] i*k±<D£5\zmf&2nz>)3 L v&=.#;nM 

(DMiktLTteJ FlffiM. Mrs. ^-A-S, #— FS! 
SS, a* ©*>©<ff St ^-ftl©Jfm£S 

£-&fc«a#iU aEa**(raj:tfft«Jk*{to»&* 

[0 0 3 9] ±{B0?tllHMilcXrft>T. 3fcK0l£lx 
T. *IRlCiE«^-XMaJB!c«*fP«Ufc. cm 

i&0)J©IEa^-X hMSffl^T*ifl:y- Ml:i 

iRKniw-fc^ffloy^^Azijfcm'ftisffaufc. 

LT; **W©jE«"*-Xh«J«ajW»& , b©T** 

40 [ 0 0 4 0 ] 

ti©^»it!giE€* 1 fc^-r. 
[0041] <hssfii 1 >±eb&*xn©gut»iBc 

Ht:y5 1 '>Axydr;m-&»ft*©ISfl«[^«ffli,i, « 

7W>y-ictt7>y{fck*xyy>«^ («T, pvd 
50 Ftmt) *rmv». w«^j'tt2fiE©is^ffi**-r^-> 
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duk> (rt, TNMPj turn zznt'nm^ 
v^vk-v'Dvm.pmmi o ommmznvx 

45. 9wt%, yttVy-JyvfttS. 4wtl 
PVDF2. 7wtl ->a£&0. 5wt%, NMP 
4 6. Owt %£:Lfco ' 

[0 0 4 2] M^-X hffi^©JSi»»«t«, tt&m 

ft* "9 > itS 2 mmCi'JVnzTf-X^ 1. 
^SA^tlTV^. Jt#5VX^£[H]i|5>I&l 0 0 O r 
pmTIeie^-a-, 1 5 Om 1 /frTIEli^-X V&fSM 

[0 0 4 31 <'%mM2>±.$Zl,fz*%W<D^MMm\z 

m-J< coiisg^2<DiEffi^-x vmmt. -y^om 
<D&-&m* i )^'5L>-v*)i&&mtV!ii o oa*gpic 
Mhx 3 m»gci Cft&M-\*. mmm 1 <t#i&#*.m, 

Az:^drJHS-&^'fb#l4 4. 8wt%. 7irf 1 ^>'^7 
y{7&5. 3wt%. PVDF2. 6wt%, ya 1 )! 
1. 3wt%,,NMP46. 0wt%£Lfc. 
[0 0 4 4] <Jtfe0*J 1 >iE®^-X hfflj£W;:*r$m 



(6). 
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62-£tiJ£te, >J^OA-y J r)Vm&mm4 5. 9wt 
; %, 7tfl/>7'7yi'A J 5. 4wt%, PVDF2. 
7wt%, NMP46. 0wt%<hLfc. 
[0 0 4 5] <ltK^J 2 >IE@^-X Hffi^lC^tt?) 

io SE^l 0 0a*gP^^bT4a»g|5tLT^^. 

4. 4wt%. 7'-fe5 1 U>y5'^i'^5. 2wt%, P 
VDF2. 6wt%, v-jl^SEI. 8 w t 96, NMP 4 
6. 0wt%il/fc. 

[0 0 4 6] <\tmm 3 >jE®^-X H-ffi^^WM 

20 4. 8wt%, T-fe^V^y^^^^S. 3wt%, P 
VDF2. 6wt», EHttl. 3wtl NMP 4 6 . 

[0 0 4 7] 
. [Si] 
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2 $ 
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5 
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(D 
Cvj 
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5 
cvi 



T\ 
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| 
o 

CD 
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o 

CO 
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DM 1 



GO 



as £ 

DM 5 

drill CO 

C3 * 



in 



* 

fit 



□ 
I 

CJ 

I 

I 

C 



m 

CM 



12 



* 31 



[0 0 4 8] £5 UT^iS^tlfciES^-X h£J¥£ 2 
0 AimCD7JL/5?g (*I2 0 0mm, 5:£ 2 5 0m) ±tC 

hLTJ5BtCiEffiW^*^^fl:$ 2 0 0m 
©jE«->— HSfcifc. *JE1 OOOkgf/cm 

TD— ;i/^U7.tfTV», flgJ¥£ 1 0 0 winiim 

[0 0 4 9] ft«^-*h*&*4fcCtt, ftffiffiftMiib 
T;*7#— #>-7-f 2mkf— ;ift£*im''W 
>y-T*?>7-y'fkt*-Ux>a^ (PVDF) tig 



£U »»jT?*Sn-^^-Jl/-2-b!P!J K> (NM 
P) CiHKS*fc'bOSffllr>fc. ft*"*-* MfiJfc*£ 

-X4 5. 0wt%, PVDF5. Owtl NM P 5 
0. Ow t «tLL -eUTjEffi^—T. V1&&MRtM%k 
ClTlMttfcfcl^-X^f^ 2 0 Atm©aifg 

JElOOOkg f /cmTD-^^l/X^ffV^ J«JP£ 
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13 

Sivft. ■ .... 

[0 0 5 0] &\Z. #6nfciESiftffi©WKff* 2 0 
M.m©Ji^J x^k bT. »#± 

L i P F e SWfl mo 1 / 1 TUfibfttiOSlH 

tz. 

[0 0 5 1] <Jt*ttJ|l>*«MflT»«*Jfi« 1 i5=b 



74 

B«WKbT**ttftlMibfc. . 
[0 0 5 2] $5,1:, 

iSii&g (6 0t) TCbaaWttM" ^JV#f4SrI±lfeffffiL 
fc. «J«3ScS^Stt, 35@tt8if5 0 0mA • &**Bft5 
0,0mAOJE*»*tt**, «E'3. 0~4. 1 VOjg 

1 0 QV4.?)V&<DtitW&mm&*?MBl> 

[0 0 5 3] 
[«2] 
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46 

a? 
p 

£ 
o 
oo 



nil/ 



IS 



4J « °B 



[0 0 5 4] ±E*2fc*1\fc , 5l;:. Jttt« 1 ©M'* 

[0 0 5 5] tklSEWaojEtt^-Xhfirtft-C 
tt, IS|3ttt^ , **ttl4*lfi«fll*J«klX2iBI«T*'3fc 
**, fPMLjfcmtoOiaflOlMt**** 1 0 8 0mA hi 



50 



[0 0 5 6] *fc, tfc««-3 OjES^-X h«aj*«T 
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[0 0 5 7] cmtab-r, ^ftm<Dmmmm\z&^ ■ 
tzMmm 1 43«ttf 2 (DiEm^-x MfijsftTtt, 2m<D 

W«»©E£fc£B8*tt*ffi*tt8«6]±U 2 0 0m 
7UXS*j&Ta— Jl^©IE«*m©tt*jS*fc<» IEff*f 

[0 0 5 8] SitzMm. (6 0t) ■X<D%Wm&'1 2 )V io 

u^^juzzytDi^mim^m^x^^tztb^z. 

Snfc. -tbT. £©J:3jfcl8*#»Sftfcj:£tt, 
«Kfc*#^XA£LT*©J:3tc:#gi£n£. 2ffi« 

±.v>mmm*mmM£-rz>!z. 1 '■=>©»-&«<&*«, ^© 

[0 0 5 9] *%BJ«. JbEU&*JSWK.ffl6»JESn 
©5feIM«T?r«T»*. ±S2HSS0iJT«. 24G© 

*v^«hu*;i'#>K-?-©*s©2jKe^±©#a©*ffiigE 



0!©fc©CIB£3n*<b©Tttfc»r>. •f UTl^Uf 1 ? 
A^y^l^ateKffcttfc^wrfc* = *$rJP5c*iD- 
»*«©*JK7C*£11ifcT* ££te«k 9*»4*tt©££ 
ft*H**©i**tt^»l»Ifll-T**. 
[0 0 6 0] 

[»*!©»*] #»91©jE«*-*hl^1&fcJ:fttt, 
TViSiltt«tO U^^A=l^«ffiiLT©ii5iaS (6 

flmi«*i«5T*<; : t<DM®i*\z2m&>±.v>&m<D 

T'l'XBt©^© D— < T CI i^fgi 

&x<D&m&%L\zwfrnz>m%&Wi&v>mm.n. z\zmm 
mmz t> jiLTVJTisjs*«©*«#^ s ©*«#*'. 

fcv>£ifc«k*«»tttB©Sfc£tt£«ii:3;* h©fi*Hb 

K*>»4- , r*%>©T*-&. l *^hj«, «^Sf6*ffl-* 
«»©«fc 5 izMmfflz&m<D&mm&ftmirz>,&£tf$> 

< fc©<h&oT^&. 

[0 0 6 1] *fc*«W©»J#^A-*«»ffljE«»4, 

±ia^-x Marit«**«fr»ca*ftj»Lfct)©T?** 
^ s , u * a - -amm \z z. <Dmm%m.&-& ^ \z i& 

[0 0 6 2] SSfc*3HBK«*U^tf A:=5fc«l!lffliE- 
**-r*'J^ , >A=:i»:«»©jE«35»»6nst)©T» 



»©i *s^aftfflf.ftw^Bfrt- 

<72)B9i# 4>SF £± 

S&]£fi»iP:S^¥Br*^:ft^Sui4i# 

im©i ttsc^ttftffl'j'ifew^^rt 



F> — A(##) 5H003 AA04 BA03 BB05 BB11 BB14 
BC06 BD04 
5H014 AA02 BB01 BB06 BB08 EE10 
HH01 



